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Data base, tooth model and restorative item constructed 
from digitized images of real teeth 

Description 

The invention relates to a data base, a tooth model and a 
restorative item, which have been constructed with the aid 
of digitized images of real teeth. 

Backgroiind of the invention 

The prior art comprises collections of individual (real) 
teeth from one or more dentitions, or models of teeth for a 
denture produced more or less individually by the dental 
laboratory technician, A drawback of these collections is 
that they are not present in data sets capable of being 
stored in EDP systems 

Furthermore, tooth models exist as individual models for 
each position in the jaw. These are intended in the widest 
sense for visual instruction purposes and to help answer 
questions on dentistry in a plastic and practical manner. 
Such models are obtainable from relevant business sources. 

Furthermore, diverse manufacturers have produced EDP pro- 
grams which form images of individual teeth or tooth- 
specific characteristics, such as occlusal surfaces or 
edges of teeth or the like, and display them on a computer 
monitor . 

In addition, libraries of teeth and respective data have 
been known for many years, these objects being both in the 
form of physical models and in digitized form. A disadvan- 
tage here is that only standardized (plaster) teeth are 
present. Standardized teeth of other materials are also u- 
sed for inclusion in prostheses. 
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Furthermore, there are tooth libraries resulting as the by- 
product of a processing operation and produced for making a 
specific product as demanded by a particular situation. 
Furthermore, tooth libraries are known which comprise a 
very restricted number of representative tooth or jaw mod- 
els in coded form, which are primarily intended for use as 
illustrative material for, say, instruction purposes. The 
drawback of such tooth libraries is that they contain no 
tooth or dentition data of a ' large number of real persons. 
In general, these libraries are characterized in that the 
properties of the objects are not systematically catego- 
rized and/or cataloged. 

Furthermore, software by Nobel Biocare "Procera™ System" is 
known for the construction of crown copings based on exter- 
nally supplied data and not on data coming from the system 
s own data base. A disadvantage of this software is that no 
display of the occlusal surface is possible using said 
software . 

Furthermore, diverse programs for orthodontology are avail- 
able, as described in WO 02/102270 for example, which are 
primarily used for diagnostic purposes and for determining 
the ratio of the upper jaw to the lower jaw. The object of 
such programs is generally to show tooth movements in the 
jaw and effect planning thereof. Experience has shown that 
these programs are not suitable for effecting plastic al- 
teration of the displayed appearance of the tooth represen- 
tations themselves . 

Furthermore, computer programs are known in which teeth are 
represented by teeth-typical lines such as biting edges or 
chewing lines or the like, which lines can be stored if de- 
sired. The object of these and other lines necessary for 
this purpose is to represent a tooth to such a wide extent 
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that a surface of the tooth is reconstructed with reference 
to these lines with the aid of mathematical processes, for 
example by interpolation. A drawback of these computer pro- 
grams is that a tooth reconstructed in such a manner can 
provide, with the aid of mathematical methods, a virtual 
representation of a tooth as it is in reality, theoreti- 
cally only when use is made of a data base of infinite size 
in conjunction with boundless computer capacity. 

Software is also known which is based on the application FR 
2 735 679 or WO 02/076326 and is marketed under the trade 
name Cynovad Pro 50™. It relates to a method of producing 
dental restorations and only includes the possibility of 
storing individual constructional results without storing 
them in a data base, however. Moreover, the representation 
produced by the software on the basis of lines cannot rep- 
resent surfaces as they are in reality. 

For the purposes of this application the terms "tooth li- 
brary" or "tooth data bank" will be used to designate a 
data base/library which contains a number of digitized 
tooth shapes of real teeth including information on the 
owner of each tooth and/or structural elements of the 
tooth . 

It is an object of the present invention to overcome the 
drawbacks of the prior art by providing a tooth model which 
lacks the above drawbacks because it has improved relation- 
ship with reality. 

Summary of the invention 

This object is achieved according to the invention by the 
features of the independent claims, advantageous de- 
velopments thereof being characterized in the respective 
subclaims . 
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According to the invention, a data base for the storage of 
data, which comprises dental data concerning universally 
applicable dentition-specific and/or universally applicable 
tooth-specific features, is characterized in that the den- 
tal data represent real teeth in the form of images in 
digitized form and this digitized form also involves uni- 
versally applicable dentition-specific or tooth-specific 
features or structural properties, such as sex-specific 
and/or tooth family-specific and/or to biography- specif ic 
and/or person-specific characteristics, with or without 
anomalous characteristics. These digitized images of real 
teeth can be obtained in a variety of ways . A conceivable 
method is, for example, to use a three-dimensional scanning 
process in the mouth of the person providing the desired 
information, or alternatively to make an impression of a 
tooth, which is then cast to provide a model for scanning. 

One advantage of dental data relating to real teeth in 
digitized form is that they can be stored as teeth of an 
individual in digitized form, in order that they can be 
used at a later date, eg, as illustrative material in cases 
where the relevant real tooth has been lost. In this way, a 
corresponding representative having all of the precise mor- 
phological features characterizing it can be shown. In this 
way alternative operation using construction lines, as has 
hitherto been necessary, becomes facultative. 

Another advantage of dental data relating to real teeth is 
that in cases where no data have previously been stored for 
an individual it is possible to provide a very precise re- 
placement having all details existing in reality as a vir- 
tual replacement. Unlike a mathematically interpolated rep- 
resentative, a representative can be filtered out which. 
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for example, has approximately the right dimensions and al- 
so the same number of cusps as desired by the client. 

By "structural properties" we mean here those properties 
which are, for example, constitutively present in each den- 
tition and in each tooth, such as sex-specific and/or tooth 
f amily- specif ic and/or biography- specif ic and/or person- 
specific characteristics with or without various anomalous 
characteristics- These represent the first and coarsest 
means of labeling or sorting the data by way of structural 
features inevitably inherent in each dentition and/or 
tooth. Furthermore, sorting may be carried out according to 
the equator line, the marginal crest, or the fissure, and 
the preparation edge, if present. 

Sorting according to sex-specific characteristics in the 
data base takes into account' the fact that teeth of per- 
sons of the same sex have the same structural features, ie 
teeth of men differ in shape from identically positioned 
teeth of women; and sorting of a data base according to 
tooth family-specific criteria takes into account, inter 
alia, the fact that identically positioned teeth within the 
same tooth family exhibit the same structural features, de- 
pending on whether the owner of the dentition is a member 
of, say, an Asian, African, or European race. A more exten- 
sive and finer classification of the tooth family features 
could be made, for example, according to the number of 
cusps, the equator line, the marginal crest, or the fissure 
or according to whether a mandibular tooth has a U or V 
shape or a maxillary tooth an oval, triangular, or square 
shape, and according to any preparation edge that may be 
present, etc. Furthermore, sorting of the data in the data 
base according to biography will take into account the fact 
that the dentition of one and the same person will retain 
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certain structural features during his or her entire life. 
For example, data recorded in early years can again be used 
at a later stage of life, or a tooth may be represented 
which, like the rest of the dentition, exhibits dentition- 
specific abrasion due to a preference for a certain type of 
food. And a data base sort according to person-specific 
characteristics will take into account the fact that in the 
dentition of one and the same person certain structural 
features will always be present, such as the fact that con- 
tralateral teeth exhibit a very high degree of similarity. 

In this way it is possible, for example, in cases where no 
data were recorded in early years, to use a mirror image of 
the opposite tooth on the other side, for example, as a 
source of data if another tooth should have been lost and 
no image thereof had been created in early years. Moreover, 
a manual sort according to anomalies will take into account 
the fact that certain anomalies relating, eg, to the shape 
of the tooth, or to the fact that tooth No. 2 is missing, 
are known by experience to be present at a number of sites 
in the dentition or continuously throughout the dentition. 
By this means the user of the data base will have an opti- 
mal starting point for purposes of illustration and educa- 
tion, from which other plans can be efficiently made. 

Another advantage of such a data base is that the shape of 
a tooth model formed on the basis of such an optimized 
starting position can be individually modified as the situ- 
ation demands and such modifications can be immediately 
illustrated three -dimensionally. In this way the client ex- 
periences immediate visual instruction, since he immedi- 
ately sees the results when his individual ideas are put 
into practice. This is, in particular, of advantage in cul- 
tural areas in which esthetic appearance is of great impor- 
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tance. In India, for example, a continuous cutting edge of 
each of the four incisal teeth is an accepted sign of 
beauty. In USA very much attention is paid to the esthetic 
appearance of the anterior teeth as regards color and 
shape, including that of the diastema, for example. Also 
conceivable is the representation of an artistic design on 
the individual real tooth involving, for example, coloring, 
engraving, or decorating elements, such as are becoming in- 
creasingly conspicuous in juvenile culture, for example in 
the form of a small diamond or other object used for pierc- 
ing . 

Thus the client has direct access to data showing a good 
relationship with reality and obtains a reference model 
which is possibly optimized according to his own ideas and 
with the aid of which he can then select a suitable artist, 
who will be in a position to impart the previously chosen 
artistic measures to the real tooth, or a doctor, who will 
be able to carry out a diagnosis, based on which a treat- 
ment schedule can be set up to achieve the treatment target 
previously defined by the client and capable of being rep- 
resented in three dimensions with the aid of a tooth model . 
A great advantage in this context is that the client can 
acquire, prior to any diagnosis or treatment, an expert 
opinion which is not affected by the interests of a doctor, 
and he is in possession thereof in the shape of a tooth 
model serving as a three-dimensional reference object. This 
reference model can then, before commencement of a diagno- 
sis or treatment, facilitate the decision as to whether or 
not treatment should be commenced, and it can be used dur- 
ing treatment once started as a benchmark for monitoring 
the success of the treatment. The client is thus initially 
independent of the opinion of a doctor and can himself have 
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an active influence on diagnosis and/or treatment then com- 
mencing and can monitor the course thereof. 

By an "ideal tooth" is meant, accordingly, a tooth which is 
constructed and/or designed in accordance with specific in- 
formation concerning the client and those data of the data 
base which are typically ideal within given limitations 
(objectively ideal) or which have been selected according 
to the individual concepts of the client (subjectively 
ideal) , or which are objectively ideal and have been addi- 
tionally modified by the client according to subjective 
criteria . 

Advantageously, these data can be additionally assigned to 
two further groups of data, ie data concerning the denti- 
tion and data concerning the tooth, in order that the data 
base can be composed of dentition structures and/or tooth 
structures . 

Another advantageous dentition classification can refer to 
the number of teeth, their position relatively to each o- 
ther, the character of the shape of the occlusal surface 
produced thereby, the shape of the Wilson curve or the 
shape of the curve of Spee, dental arch shapes, first pre- 
molar measuring point from 4 to 4 , second premolar measur- 
ing point from 6 to 6 (6-year-old molar) , crown size of the 
incisal teeth, and typical anomalies of the teeth in the 
dentition or in the jaw. Dentition-specific structures are 
therefore particularly meaningful when it is desired to 
show how the teeth cooperate with each other and to repre- 
sent their function in combination. 

Based on the existing dentition-specific structure of the 
data base, it is thus possible to find a particular denti- 
tion-specific structure from any number of individual den- 
tition-specific structures of individual dentitions by se- 
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lecting from the data base that number of data and that ty- 
pe of data which appears to the user to be most suitable . 
This first filtering step reduces the total number of 
available data to a smaller amount, as is relevant for fur- 
ther practical work; that is to say, a representative se- 
lection of data is made. 

From this number of theoretically useful data the user will 
then select, either immediately or in second imple- 
mentation step, at least one data set present in the data 
base and suitable for his present situation. This double 
filtration process advantageously guarantees that the most 
suitable data set can be filtered out from the data base to 
comply with present requirements. 

Similar advantages result when this filtration process is 
applied to the tooth- specif ic data, as represented advanta- 
geously by the position of the individual tooth in the den- 
tition, the shape of the individual tooth, eg, whether U- 
shaped or V-shaped or of an oval, triangular, or rectangu- 
lar shape, the degree of matching of the tooth shape to the 
skull shape, the characteristics of the individual tooth, 
eg, its equator line, marginal crest, shape of the fissure 
(H- shaped or oblong) , the number of cusps, Tuberculum cara- 
belli, any preparation edge, the tooth shade and comparable 
features, and any typical anomalies. 

If dentition-specific and tooth-specific features are com- 
bined, there is an increase in the probability of finding 
that dentition and tooth situation in the data base which 
comes closest to the starting requirements. 

Another advantage arises when a tooth model is created from 
data of a data base which not only includes the data of 
teeth but also dental design features based on the tooth or 
teeth individually or as a representative group of teeth 
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(eg, tooth number 6 in female Asians) . Thus, for example, 
an ideal cutting edge of an anterior tooth of a female Asi- 
an woman can be stored on the basis of a large number of 
such teeth and can thus be represented as such. 

It is particularly advantageous when the user of the data 
base (tooth-specific and/or design-specific) has the data 
available on his own data processing facilities so as to 
minimize reaction times and, consequently, the processing 
times. Furthermore, there is an added advantage for the 
user of the data base when he is able to access, eg, for 
the information of a client from a different part of the 
world, a different data base which has the typical data 
sets for that part of the world but is not presently avail- 
able at home. In this way, the user can comply with typical 
requests of unusual clients, and to unusual requests coming 
from clients who would otherwise be regarded as being typi- 
cal. Such connections to data bases and between data bases 
are simple to set up using the diverse telecommunication 
facilities available . 

Creating an ideal tooth of appropriate type is particu- 
larly facilitated when the data base is equipped with at 
least one input unit, such as a keyboard, mouse, joystick, 
pointer etc. and/or with at least one output unit, such as 
a printer or monitor. By this means it is possible for the 
data base user or for the client to communicate directly 
with the data base by, for example, directly accessing the 
data base and fetching data therefrom, which are then shown 
on the display unit. By this means the user or client can, 
if desired irrespective of filtering, have direct active 
access to the data base and can thus actively search for 
data. The user can also have direct access to the data base 
using said input and output units. 
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Another advantage results when the interaction between the 
user and/or client with the input units and/or display u- 
nits and data bases is supported by at least one computer 
program. Such a program can, for example, facilitate the 
selection of relevant data by means of filtering; further- 
more, it can, for example, make the representation look 
more plastic and more natural by the use of colors or 
three-dimensional images; it can furthermore make it possi- 
ble to assign selected data to a client; in addition, sec- 
tions can be inserted at various places, for example; and 
it is also possible to block access or allow only stepwise 
access for diverse groups of users; besides, the depth of 
interaction obtainable with the program, for example, per- 
mission as to who may enter/ fetch what data, can be ad- 
justed as the situation demands; and not least there is the 
possibility of combining diverse data sets and showing a 
group of data sets obtained by the combination of at least 
two data sets to form a single new data set . 

A commonly used operational aid constitutes down- loading 
data from the pool of data with the aid of fixed routines 
of an EDP program, for example, to comply with a request to 
filter out a representative tooth of a 35-year-old Asian of 
the male sex from a certain country. Furthermore, it might 
be necessary to meet a request to design an ideal tooth 
which, irrespective of the assignment of the aforementioned 
groups, requires certain geometrical data that are regarded 
as being important to the user and/or client . 

Another advantage is attained when the possibility of ex- 
changing data between the operating or display terminals is 
only allowed under a payment system. This forms a basis of 
reward for data base companies for their efforts in main- 
taining a wide range of data and keeping them up-to-date 
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and for making them available to third parties. Such pay- 
ment systems could exist between two users, or payment 
could be made via a central payment service. 

Using a computer program it is possible to combine se- 
lected data sets of real teeth to form a single new data 
set for a virtual, non-real tooth. In this way the ex- 
isting data sets can be linked to each other for the pur- 
pose of making new data sets, in which case the user can 
set the linkage rules. 

Another advantage of a computer program would be, for exam- 
ple, the possibility of taking a displayed tooth possibly 
preselected according to certain criteria and processing it 
by means of computer programs by slightly or completely 
modifying, say, the form of the bite edges on the monitor 
in accordance with the concepts of the client, or by making 
the entire shape slightly more rounded or more pointed, or, 
for example, by making a depression somewhat shallower. 
Programs having such representation means are capable of 
individually fulfilling, on the basis of specific data, the 
user's wishes and to develop and improve the ideal tooth, 
the results being directly displayed on the monitor for 
control by the user and/or client. 

Another great advantage results when the representation of 
the ideally developed and designed tooth, for example, can 
be displayed three -dimensionally by means of computer pro- 
grams and moved about all axes in space. Such a three- 
dimensional representation has a particularly plastic ef- 
fect when it is displayed on a 3D monitor and is, in par- 
ticular, for aesthetic consultation highly advantageous. 

Another advantage results when a data set is suitable for 
representing a complete tooth model and not only a part of 
a possible tooth, or an individual tooth. Such a tooth mo- 
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model may represent a group of teeth, such as a bridge, or 
an entire row of teeth. Instead of showing a group of 
teeth, it is alternatively possible to display only the oc- 
clusal surface, for example, in order to illustrate by this 
means, say, the cooperation of individual teeth in the en- 
tire chewing system. 

Advantages of a tooth model, whose outer and inner sur- 
faces and/or whose internal structure is determined by 
means of data taken from a data base and/or several data 
bases and displayed on an output device, are that the con- 
struction or design thereof can take into account sex- 
specific and/or tooth family-specific and/or biography- 
specific features and/or person-specific characteristics, 
with or without anomalies, individually, or in combination 
with each other. In this way, it is possible to select the 
relevant data sets from the large number of tooth models 
based on data sets in an efficient manner, eg, by viewing 
the monitor - 

Another advantage results when the tooth model is con- 
structed and/or designed such that it not only serves for 
visual instruction purposes but also for informing and/or 
influencing professionals due to the fact, for example, 
that the internal structure of the tooth model corresponds 
to the internal structure of an ideal tooth. 

Furthermore, another advantage is gained when not only in- 
dividual teeth or groups of teeth or occlusal surfaces are 
represented but also the cooperation occurring when oppo- 
site teeth or occlusal surfaces impinge on each other, in 
order to show, by this means, their interaction in a plas- 
tic, three-dimensional manner. 

Another advantage results when the tooth model repre- 
sented, eg, with the aid of a computer program in the form 
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of an individual tooth and/or group of teeth and/or surface 
of a tooth, and/or the cooperation of opposite chewing 
crests can be realized not only on the monitor or printer 
or the like but also just in time as a 3 -dimensional model. 

Another advantage results when a user takes a tooth model 
synthesized on the basis of data from the data base, for 
example, and then processes it by means of computer pro- 
grams, such as CAD programs, according to his own concepts, 
thereby individualizing it. This can be carried out inter- 
actively, eg, with the aid of a dialog program or expert 
system. 

Particularly advantageous is a method of conceiving a tooth 
model whose external shape and/or internal structure is de- 
signed and/or constructed by means of data which relate to 
sex-specific and/or race-specific and/or biography-specific 
and/or person-specific characteristics, with or without 
anomalous characteristics, when the user and/or the client 
accesses said data base containing the relevant tooth- 
specific data with the aid of an electronic data processing 
system via its input device such as a keyboard and/or mouse 
and its display device such as a monitor and/or printer and 
combines these data on the display means to form an image 
of a tooth model and produces the combined and displayed 
tooth model, whose shape can be individually processed as 
dictated by the user and/or client with the aid of the in- 
put and output devices and supporting computer programs. 

This method is particularly advantageous when it is pos- 
sible to produce a 3 -dimensional representation of the 
tooth model . 

Another advantage is achieved when the displayed tooth mo- 
del can, for example, be just in time produced as a 3- 
dimensional model. 
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Another advantage results when a model produced in such 
manner is not only suitable for education and training pur- 
poses relating to artistic design or medical diagnosis but 
also for a particular situation of a client. 

Advantageously, the 3 -dimensional model is a dental fitted 
shell which relates to a particular situation, existing or 
planned, of a client, eg, a restorative item. 

Brief description of the drawings 

Embodiments of the invention are illustrated in the fig- 
ures, in which: 

Fig. 1 is a block diagram illustrating the depth to 
which the data base can be accessed; 

Fig. 2 is block diagram demonstrating the routine for 
accessing the data base; 

Fig- 3 is a flow chart concerning imaging of an in- 

dividual tooth; 

Fig -4 is a flow chart concerning imaging of the 

preparat ion ; 

Fig- 5 shows several teeth of a tooth family in an 

occlusal surface; 

Fig. 6 shows possible construction lines, which can be 
stored together with the data of a tooth; 

Fig. 7 demonstrates the cooperation between the data ba- 
se and the user and/or client; 

Fig. 8a shows the state of a tooth before a structural 
alteration; 

Fig. 8b shows the state of a tooth after a structural al- 
teration; 
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Fig. 9a is a 3 -dimensional representation of a toothy- 
Fig. 9b is a rotated 3 -dimensional representation of the 
tooth of 9a; 

Fig. 10 shows a tooth model following just in time pro- 
duction based on ideally designed individual teeth. 

Example 

Specifically, Fig. 1 shows a possible overall access se- 
quence when accessing a tooth data bank. The data base it- 
self contains, in particular, digitized images, such as bi- 
nary coded images, of real teeth together with tooth- 
specific and/or dentition-specific data of the kind inevi- 
tably and inseparably associated, as structural features, 
with each individual tooth and/or dentition. These include, 
in particular, sex-specific and/or tooth family-specific 
and/or biography-specific and/or person-specific character- 
istics with or without anomalies. The assignment of the 
data to persons is optional. These data serve not only to 
provide EDP-typical characteristics such as memory location 
or the like but also to characterize and thus ultimately to 
identify each individual tooth. In a first implementation 
step, the user or, if versed in the operation of the data 
base, the client, will approach the data base with his par- 
ticular requests and make a selection of data based on 
these requests. One possible request might be, for example, 
for typical tooth models, also designated as "representa- 
tives", for a 45-year-old male Asian coming from Tokio, who 
has hitherto mainly lived on fish products and shows no 
anomalies. The search criteria can be further refined by 
means of software -supported, freely and finely adjustable 
filters (not shown) until a representative number of data 
sets has been obtained. 
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Suitable filters relate, for example, to the following cri- 
teria: sex-specific and/or tooth family-specific and/or bi- 
ography-specific and/or person- specific characteristics 
with or without the number of cusps, with or without equa- 
tor line indices, with or without specific fissure shapes 
(H-shaped or oblong) , with or without a marginal crest or 
with a U-shaped or V-shaped mandibular tooth or an oval, 
triangular, or square-shaped maxillary tooth, with or with- 
out any preparation edge possibly present, or any abrasion 
due to dietary habits (eg, caused by eating fish, cereals, 
or meat) , and with or without various anomalous character- 
istics or the like. 

This first implementation step may be omitted or, on the 
basis of the number of representatives found in this first 
implementation step, a (second) implementation step can 
then by carried out, taking into account individual re- 
quests, in an iterative process between the user and the 
data base in order to select a single item. Alternatively, 
a group of dental data relating to real teeth may conceiva- 
bly be linked by means of software so as to synthesize a 
new virtual set of dental data which is based on existing 
dental data and is an average of data concerning real teeth 
but is not in itself assignable to any real tooth . 

Following the selection of an apparently suitable data set, 
the data thus found on the basis thereof are used to make a 
design of an objectively ideal tooth, which is represented 
on an EDP output medium as a tooth model for information 
purposes . 

On the basis of this information, the user/operator can 
then either create the model illustrated or, by means of 
software programs such as C7^ tools, himself optimize indi- 
vidual aspects of the tooth model in an iterative process 
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with the data base so as to develop the objectively ideal 
tooth to form a subjectively ideal tooth. For this purpose 
it is necessary that the dental construction lines of the 
CAD system can be proposed with reference to the 3D data 
set present and then manually adjusted to take into consid- 
eration certain dental problems. This also applies to den- 
tal features, such as the positions of cusp summits. The 
result can in turn be collated with the data of the data 
base in order to filter out a more suitable data set from 
the data base, which data set could then be regarded as a 
new objectively ideal tooth, or could be left in order to 
provide the data base with said self -produced data set for 
use by other users . 

In this context it is conceivable to put the objectively or 
subjectively ideal tooth virtually into a dentition envi- 
ronment and to see and test its interaction with, and its 
fit in, the resulting environment. 

At this stage, the user has all the information necessary 
to make a decision as to whether he wants to initiate a 
concrete diagnosis. In addition, he can call on a doctor 
particularly well qualified to deal with the present prob- 
lem and present him with the information hitherto gained, 
so that said doctor can check the work procedure and the 
results thereof. 

Fig. 2 demonstrates the progressive improvement in design 
up to the attainment of the desired tooth model with the 
aid of implementation stages. Starting from the data base 
containing dental data relating to sex-specific, tooth fam- 
ily-specific, biography- specific, person-specific, and a- 
nomalous characteristics, said data are first of all sorted 
into dentition data and dental data. In a first implementa- 
tion stage, the operator or client selects from all data 
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data those which, on account of their structural features, 
are likely to be highly suitable. In a second implementa- 
tion stage, the operator or client selects from the prese- 
lected data the most suitable data set for the actual 
situation. In a third implementation stage, the operator or 
client re -designs the tooth model according to his own con- 
cepts, eg, with the aid of CAD means. Irrespective of the 
scheme shown here, the user can, of course, directly access 
the data base and fetch individual data sets, this not be- 
ing indicated in Fig. 2. 

Fig. 3 shows the sequence of events taking place as from 
the inclusion of a binary image of an individual real tooth 
in the data base and the possible use of these data. After 
the measured 3D data have been stored in a storage area, an 
indefinite period of time may pass, during which the data 
are not required. The person concerned can request these 
data any time later and from any other location and possi- 
bly remotely down- load them as measured 3D data from the 
storage area and supply them with additional information, 
eg, by using an automated proposal or interactively adapt- 
ing said proposal . The data stored in the tooth data bank 
are measured 3D data to represent the overall surface of 
the tooth and/or tooth-characterizing features relating to 
the structure of the tooth . 

Fig. 4 shows the sequence of events taking place from down- 
loading a binary image of an individual real tooth from the 
data base. In such a case suitable data are those which 
were acquired from the same tooth immediately after its 
eruption, or which were acquired during a condition prior 
to a preparation or which represent a mirrored contralat- 
eral tooth or some other "matching" tooth. These data can 
then be used in an impending restoration. If necessary, ad- 
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aptation of construct ion- relevant features for characteri- 
zation of the tooth may be carried out automatically or 
manually. 

Fig. 5 shows several teeth of a tooth family in an oc- 
clusal surface and their mutually close fit. Tooth models 
fitted in this way into an environment can, particularly 
when they have been subsequently changed, be displayed and 
checked with respect to their effect and closeness of fit 
in the environment , 

Fig. 6 shows a tooth in a mesial/top view with the oc- 
clusal surface as the selected area. In this surface there 
are shown possible construction lines, which can be stored 
together with the data concerning the tooth. With the aid 
of these construction lines it is possible to specify a 
tooth or, if^ it is an objectively ideal tooth, to modify it 
subjectively. Suitable for this purpose. are, in particular, 
the characteristic construction lines, the equator line, 
the marginal crest, and possibly the preparation border. 

Fig. 7 shows the basis of interaction with the data base. 
The system comprises not only the data base and relevant 
input and output means but also construction software for 
designing individual tooth models. The operator associated 
with the client uses the output means, display means, and 
input means to interact with the data base or the EDP sys- 
tem or the software comprising the same. The data base can 
be connected to the telecommunication network, via telecom- 
munication means, from which it can fetch data or to which 
it can send data. 

Fig. 8a shows the state of a tooth prior to a structural 
alteration of its right-hand external surface, whilst Fig. 
8b shows the same tooth after a structural alteration has 
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been made to its right-hand external surface to the effect 
that said surface has a more pronounced bulge . 

Figs. 9a and 9b are 3 -dimensional representations of the 
same tooth model in different rotated positions. In this 
way the tooth model can be viewed from all directions. 

Fig. 10 shows a real tooth model following just in time 
production thereof, which model was developed on the basis 
of an ideal tooth model and then adapted to its en- 
vironment . 



